Background: Graphic warning labels (GWLs) on cigarette packages, that combine textual warnings with emotionally salient images depicting the adverse health consequences of smoking, have been adopted in most European countries. In the US, the courts deemed the evidence justifying the inclusion of emotionally salient images in GWLs insufficient and put the implementation on hold. We conducted a controlled experimental study examining the effect of emotional salience of GWL's images on the recall of their text component. Methods: Seventy-three non-treatment-seeking daily smokers received cigarette packs carrying GWLs for a period of 4 weeks. Participants were randomly assigned to receive packs with GWLs previously rated as eliciting high or low level of emotional reaction (ER). The two conditions differed in respect to images but used the same textual warning statements. Participants' recognition of GWL images and statements were tested separately at baseline and again after the 4-week repetitive exposure. Results: Textual warning statements were recognized more accurately when paired with high ER images than when paired with low ER images, both at baseline and after daily exposure to GWLs over a 4-week period. Conclusion: The results suggest that emotional salience of GWLs facilitates cognitive processing of the textual warnings, resulting in better remembering of the information about the health hazards of smoking. Thus, high emotional salience of the pictorial component of GWLs is essential for their overall effectiveness. 
Introduction
C igarette packages sold in the US carry a brief text-only Surgeon General's warning messages that occupy less than a quarter of one of packages' sides. There are four different messages that are rotated quarterly. This design has not changed significantly since it was introduced in the 1965 Federal Cigarette Labeling and Advertising Act. Although the current labels are considered to be ineffective, there is no consensus among stakeholders about the ways to improve them. 1 The Family Smoking Prevention and Tobacco
Control Act of 2009 (TCA) required graphic warning labels (GWLs) that combined color graphics and textual warning statements to cover 50% of the front and rear panels of the cigarette package. TCA specified the nine textual warnings to be included in the GWLs, leaving the graphic component to the discretion of the Food and Drug Administration (FDA). 2 Tobacco companies sued and were granted a permanent injunction from the implementation of the labels by the District of Columbia court. This ruling was affirmed by a US Court of Appeals, which 'vacated' the graphic labels requirement alltogether and 'remanded' the Final Rule back to the FDA. 3 The district court highlighted the lack of justification for the high emotional salience of the images selected by the FDA, while the appellate court was more concerned with the lack of 'direct evidence showing that enacting the proposed graphic warnings will accomplish the agency's stated objective of reducing smoking rates'. 3 This reversal spurred a regulatory debate on GWLs in the US that continues to this day. The debate revolves around the relative benefits of the graphic and textual components of GWLs to consumers vs. the risk to society from the infringement by such labels on the tobacco companies constitutional right to free speech. While a large body of literature examined the population-level effects of GWLs, less attention has been given to the cognitive mechanisms that link the perceived information with memory and ultimately objective measures of smoking. 4 To this end, an experimental demonstration of whether the emotional salience of the graphic component of GWLs aids the retention of the message in the accompanying textual warning is essential to finding an optimal way to improve their effectiveness with minimum infringement on commercial free speech. Cognitive neuroscience studies find that emotional salience of still or moving images increases their memorability. 5, 6 However, studies disagree about the benefits of images' emotional salience to the retention of the information they are paired with. 7, 8 In the context of warning labels, if GWLs are akin to a figure with a caption, the question is whether a more salient image facilitates or detracts from processing the caption.
Recognition accuracy is commonly used as an intermediate outcome measure in communication research in general, and to test the efficacy of health messages in particular. 9 Although prior studies show that emotion-provoking GWLs are more memorable, 5, 10, 11 it is still unknown whether increased emotional salience of the accompanying graphic component actually improves remembering the textual component. We hypothesized that images that evoke greater emotional reaction (ER) will facilitate remembering the textual component of the GWLs, and that these effects will be reflected in the recognition accuracy of each of the GWLs components (i.e. text statement vs. image). We excluded individuals who smoked less than 5 cigarettes per day in the last 7 days or had urine cotinine levels undetectable by the qualitative enzyme-linked immunosorbent assay test (Reditest Smoke Cassette, Redwood Toxicology Labs, Santa Rosa, CA, USA). Pregnant or breast-feeding women and smokers currently enrolled in a smoking cessation trial were also excluded. All participants gave written informed consent to participate. The study protocol was approved by the University of Pennsylvania Institutional Review Board.
Methods

Participants
Stimuli
Nine TCA-mandated warning statements about the harms of cigarette smoking 12 served as the text component of the GWLs. The FDA paired each of the nine statements with different smoking-related graphic images, resulting in 36 GWLs. Therefore some GWLs carried the same textual statement but all differed on the graphic image. The FDA commissioned an online survey of 18 000 respondents who evaluated the emotional salience of these 36 composite GWLs using an emotional reaction (ER) scale. 13 Based on the ER score of each GWL image, we selected GWLs with the highest ER score for each textual warning statement to form the 'high ER GWL condition', and GWLs with the lowest ER scores for each textual warning statement to form the 'low ER GWL condition'. Thus, high and low ER conditions shared nine identical textual warning statements while differing on the level of emotional salience of the accompanying graphics (figure 1). The ER scores are significantly different between the high and low ER GWL conditions (P < 0.001).
Procedure
Study candidates who passed the phone pre-screening were invited to an in-person screening that included informed consent followed psychiatric history and urine drug screens for cotinine and illicit drugs. Once their eligibility was confirmed, participants were randomly assigned to either the high or low ER GWL condition, in which they were exposed to high or low ER GWLs affixed to the packs of their preferred brand of cigarettes(.) These were supplied by the study team, over a 4-week period. The number of cigarette packs per week was determined by self-reported daily cigarette consumption at screening and baseline assessments. Before distributing the packs to participants, research staff removed the package cellophane and applied the self-adhesive label to cover the top 50% of the front and back panels of the packs, in accordance with the proposed FDA guidelines. 2 All the participants attended all four sessions, as they picked up their weekly supply of experimental cigarette packs at these sessions. Participants were encouraged to return unfinished packs, although none brought any back. The average number of packs provided per week did not differ between the high and low ER conditions (P = 0.735). Before and after the 4-week exposure, subjects attended an encoding session, in which they viewed either high or low GWLs, mixed with control stimuli. The control stimuli consisted of nine neutral images from the International Affective Picture System (University of Florida, Gainesville, FL, USA) with text statements unrelated to smoking to match the length and formation of GWLs. Thirty minutes after each encoding, a test of memory for graphic images and text warnings [i.e. Recognition Memory Task, (RMT)] was administered. The RMT consisted of 36 unique text or image stimuli: nine previously seen textual warning statements extracted from the GWLs, nine previously unseen made-up statements related to smoking, nine images extracted from high ER GWLs and nine images extracted from low ER GWLs (figure 1). Thus, for the 'high ER GWL group', targets were the nine previously seen textual warnings and nine images from the high ER GWLs, and foils were the nine unseen textual warnings and nine images from the low ER GWLs. Conversely, for the 'low ER GWL group', targets were the nine seen textual warnings and nine images from the low ER GWLs, and foils were nine unseen textual warnings and nine images from the high ER GWLs. In each screen, subjects were prompted to respond 'Yes' or 'No' to the question 'Have you seen this?'. RMT performance was calculated as percentage of correctly recognized GWL textual warning statements or images respectively, resulting in two scores: Accurate-Text and Accurate-Image.
Statistical analysis
Statistical analysis was performed using the IBM Statistical Package for the Social Sciences (IBM SPSS version 22). Independent t-tests were used to compare the demographic characteristics of high and low ER GWL groups. To compare the memory of GWL text warnings in two groups at two time points, a two-way repeatedmeasures analysis of variance (ANOVA) was applied on AccurateText using session (encoding session 1 vs. encoding session 2) as the within-subject variable and group (high ER GWL vs. low ER GWL) as the between-subject variable. The same test was repeated on Accurate-Image. Furthermore, to compare memory of GWL text and image within each group across time, a two-way repeated-measures ANOVA was applied in either high or low ER GWL group using component (text vs. image) and session (encoding session 1 vs. encoding session 2) as within-subject variables.
Results
There were no differences in gender, race, age, education, FTND scores and cigarettes per day between the high and low ER groups at baseline (table 1) .
ANOVA analysis on the recognition performance of the text warnings revealed a significant effect of group [F(1, 58) = 4.90, P = 0.031] but not session [F(1, 58) = 0.046, P = 0.832] or group Â session interaction [F(1, 58) = 0.046, P = 0.832]. That is, the high ER GWL group was better at recognizing text warnings than the low ER GWL group across time (figure 2a). ANOVA analysis of recognition performance of the images revealed a significant effect of group [F(1, 58) = 8.925, P = 0.004], session [F(1, 58) = 13.032, P = 0.001] and group Â session interaction [F(1, 58) = 8.925, P = 0.004]. That is, while the high ER GWL group remained better at recognizing images than the low ER GWL group across time, the low ER GWL group improved after the 4-week exposure (figure 2b). In the high ER GWL group ANOVA revealed a significant effect of 
Discussion
We found that textual warning statements were better remembered when they were presented together with images that evoked stronger emotion, i.e. high ER GWLs. This finding was unchanged after 4 weeks of daily exposure. The image component of the high ER labels was better remembered at both time points, though the gap between the memory of high and low ER images narrowed at the 4-weeks. Finally, in the low ER group, the text component was better remembered than the image, with the difference diminishing after 4 weeks of exposure to the low ER GWLs. To the best of our knowledge, this is the first controlled experimental demonstration of the emotional salience of the image component of GWL enhancing the memorability of its textual component. The finding that images of the high ER GWLs were much better recognized than those of the low ER GWLs is consistent with cognitive research finding that higher emotional salience enhances memorability of negatively valenced images.
6,14,15 Similar observations have been made with words 16 and narratives. 17 However, there is no consensus on whether emotion enhances or inhibits memory of concurrent verbal information. 18, 19 Some theories predict that information co-occurring with emotion will be better remembered, while others propose that the emotion would divert attention and processing resources away from the co-occurring verbal or textual information. 8, 20 Our results concur with the former theory, as we demonstrate that emotional salience not only serves to enhance the memory of images, but also increase the likelihood that viewers will remember the text warnings associated with these images in the composite GWLs. This finding suggests a facilitation effect between the emotional salience of images and processing of textual warning statements. A number of studies found that the negative emotional content of stimuli increases the likelihood of memorizing a contextual detail of the stimulus. 16, 21 For example, subjects are more likely to correctly report the color of the font in which a negative word was presented than the color of the font of a neutral word. 16 Similarly, emotional congruence between images and text may also have an important role in enhancing the memory of a warning statement. Since eight out of nine Figure 2 (a) Recognition accuracy of the GWL text was significantly higher in the high ER group than in the low ER group across time. (b) Recognition accuracy of the GWL image remained high in the high ER GWL group across time, while it improved in the low ER GWL group Figure 3 (a) In the high ER group, images of GWLs were better recognized than texts of GWLs over time. (b) In contrast, the low ER group images of GWLs were less recognized than images of GWLs in Session 1, and the gap become narrower after repeated exposure TCA-mandated text warnings describe extreme health consequences of smoking such as cancer and death, images that are proportionally negative emotionally, are more congruent with those warning statements than the less negative or positive images would be. Indeed, prior studies show that congruent information items are processed faster and 'better', as shown by the shorter reaction time and more accurate task performance. 22 However, the likely need for continuous development of new GWLs and the possible differential impact of positive vs. negative valence of text and images on the audience warrant future studies that would manipulate the emotional valence and congruence of the GWL text and images. 23, 24 The enhancing effect of emotion on memory has been attributed to an increase in the interaction between the amgydala and the hippocampus during the encoding and consolidation stages of processing. 14, 25 The critical role of the amgydala in information processing has been confirmed by studies of emotional memory in patients with amygdalar lesions, who showed impaired recognition of emotional words, pictures and stories. 26 In the context of GWLs, this interpretation is consistent with the previously reported greater amygdala response to high ER vs. low ER GWLs. 5 According to the Tobacco Labeling Resource Centre and the International Tobacco Control Policy Evaluation Project (The ITC Project), 105 countries or jurisdictions worldwide, including most European countries, require GWLs on cigarette packages although not all have implemented them. Cross-sectional population studies reported positive effects of GWLs on smoking-related outcomes, such as reduced smoking rates in Canada, increased awareness of smoking harm on children and pregnant women in Singapore, increased intention to quit in Thailand, Brazil and Australia and reduced smoking initiation and progression in adolescents in Greece. 27 GWL effectiveness is thought to increase with size. 28 Thus, countries require GWLs to cover between 30% and 90% of the pack. Nepal and Vanuatu require the largest GWL in the world at 90% of the package, front and back, followed by India (85%) and Thailand (85%). Although the use of graphic images is also recommended, 1, 28 the knowledge of which aspects of the image should be more heavily weighted, or how image and textual components interact is still limited. In the present study, we showed that emotionally salient images are associated with greater cognitive processing of textual warning messages, suggesting that including images with greater emotional salience could increase the effectiveness of GWLs.
Commercial free speech is given greater protection in the USA than in Europe 29 setting a higher bar for the evidence required to justify any potential encroachment on the first (free speech) Amendment to the US Constitution. An additional distinction between the European and US medico-legal environment is the degree of emphasis on individual autonomy in making healthrelated decisions. Thus, an argument that the purpose of cigarette warning labels is to inform consumers rather than to deter them from smoking outright is more likely to be accepted in the US. 30 The available data were sufficient for adoption of GWL legislation in many regulatory environments including the European, South East Asian and Americas regions. However, few of the available international studies used objective outcomes or psychological and neuroscientific experimental methodology, creating a dearth of what would be considered incontrovertible objective evidence by the US legal systems. This higher bar is reflected in the legal opinion currently governing the GWL in the USA, that dismissed the link that FDA made between the attitudes and intentions about quitting reported in international studies and the actual smoking as a 'mere speculation'. 3 Indeed, prospective studies using a randomized controlled trial design are better suited to meeting the higher bar set by the courts. Another factor in addressing the gap in tobacco research pointed out by the courts is using reliable outcome measures. The majority of studies of the effects of GWLs on smoking have relied on self-reported outcomes such as changes in attitudes and intentions, quit attempts(,) or self-reported cigarettes smoked per day, rather than direct and objective outcomes such as continuous monitoring of smoking itself or of the levels of nicotine metabolites in bodily fluids. 31 A smaller number of trials, including our present study, relied on objective but indirect experimental measures such as recall, eye tracking and behavioral or brain correlates of cue-reactivity. [32] [33] [34] Memory has been shown to be a useful proxy of subsequent behavior change, suggesting that better memory of the textual messages could be an indicator of subsequent behavioral changes. 35, 36 Specifically for tobacco, Leas et al reported that better recall of anti-tobacco video ads predicted smoking cessation at follow-up. 37 By experimentally demonstrating that emotionally salient graphic component of GWLs enhance the memorability of warning messages, the present study provides an insight about the features of an effective GWL. However, our findings do not directly link the messages' memorability and their effectiveness at reducing smoking. Establishing such direct causal relationship described in the opinion of the US Court of Appeals would require a prospective randomized-control trial using laboratory measures of nicotine intake as one of its outcome measures. 3, 32, 38 Furthermore, the adoption of GWLs does not signal the end of the need for ongoing revision and updating of GWLs. While our results show no reduction in recall of images or text after 4 weeks of exposure, other studies indicate that GWLs effects may be subject to desensitization over longer periods of exposure. 39 Our study offers an approach for testing the GWL components in a controlled fashion that could be used in the ongoing process of refining existing GWLs or evaluating new ones. Future studies may consider using even more objective variables such as neuroimaging, or a longer exposure period, with the same platform.
Lastly, our findings may generalize to other public health topics where product labeling exists or is being considered, such as food and alcohol. For example, alcohol consumption in Europe is the highest in the world and there is a discussion of reducing harmful use of alcohol by introducing health labels on alcohol products. 40 Indeed, labels provide a unique opportunity for health authorities to communicate the alcoholrelated health risks at points of sale and consumption. Since data on effective alcohol labeling for public health purposes are limited or lacking, data from studies like ours could provide the initial basis for developing and testing alcohol warning labels.
Conclusions
We demonstrated that emotional salience of the image component of GWLs enhances the processing of its textual component, resulting in better memory of the warning message. This finding suggests that highly emotionally salient pictures increase the GWLs effectiveness. Our study offers an approach to the evaluation of GWL effectiveness and contributes to a better understanding of cognitive processing of health warnings that may be applied to the development of health warning labels in other public health domains.
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Key points
Textual warning statements were better remembered when paired with more emotionally salient smoking-related images. The effect of the image component on the memory of the textual component did not decline after 4 weeks of repetitive daily exposure. High emotional salience of the image component of graphic warning labels is essential for their overall effectiveness.
